The study established the possibility of rapid evaluation of land cover structure and situation using as an example the Temelín NPP (Nuclear Power Plant) emergency zone. The composition, surface representation and spatial distribution of crop species in the area of interest were assessed on the basis of satellite data analysis (Landsat 5 TM).
INTRODUCTION
The contamination of agricultural production and land cover with radioactive material can be a major economic issue. In the context of large nuclear installations and potential accidents, it is thus necessary to solve: 1) the issue of the evaluation of the territory potentially contaminated in terms of the spatial distribution of crops and the volume of production in agricultural areas; and 2) the issue of economic and technical measures to minimise the impact of such an accident. In the modern world, radiation leakage is not associated with nuclear power plants only. A radiation hazard can occur virtually anywhere, e.g. in the event of radioactive material transport, a terrorist attack, radioactive material manipulation, etc.
Particular attention is paid to specific technical solutions and economic measures. In the EU countries, a series of documents has been prepared on radioactive material processing, including agricultural production. A detailed system of measures is included in the so called "German Handbook" (Catalogue of Countermeasures 1992) or the "British Handbook" (Nisbet et al. 2008) ; the most comprehensive source is currently a survey of measures produced by the EURANOS project (2010) . The widest experience in and knowledge of extensive radiation contamination have, paradoxically, been acquired because of the Chernobyl nuclear power plant accident in April 1986 and its environmental impact after twenty years is summarised in the International Atomic Energy Agency (IAEA) report "Environmental Consequences of the Chernobyl Accident and their Remediation: twenty years of experience" (IAEA 2006) . The subsequent contamination and its development are covered in a wide range of research work, mostly carried out under the auspices of the IAEA (IAEA 1994 (IAEA , 2010 . In the context of expert work in the field of protection of the population against ionizing radiation, the Radiation Monitoring Network (SÚJB-SÚRO) operates in the Czech Republic. However, very little attention is paid to the timely evaluation of land cover and the spatial characteristics of agricultural production in the context of radiation contamination.
For the purposes of radiation protection, remote sensing (RS) data can be used as a suitable tool for the timely determination of the current state of contaminated agricultural production and its surface distribution; such distance data in the form of aerial or satellite images are very often used for agricultural purposes (e.g. Justice et al. 1985 , Lelong et al. 1998 , Cihlar et al. 2000 , Hansen et al. 2000 , Oetter et al. 2000 , Xin et al. 2002 , Rogan et al. 2008 , Knorn et al. 2009 , Vancutsem et al. 2009 , Zerger et al. 2009 ). Its advantage, compared to the traditional field investigation, is the "contactless" acquisition of surface information (Lillesand et al. 2004 ). Largescale spatial coverage and direct observation of the Earth's surface at regular intervals enable us to monitor and evaluate a wide range of parameters, such as yield estimate, the health of crops, surface change detection, soil property analysis, and spatial structure parameters, etc. (Justice et al. 1985 , Franklin et al. 1995 . RS can also be used to identify individual crops (see Vinciková et al. 2010) .
Since 2008, the Faculty of Agriculture, University of South Bohemia in České Budě-jovice has been taking part in a project entitled "Methods of evaluation of contaminated territory after a radiation accident -the meaning of structure and functioning of land cover" in which it has participated in the monitoring and evaluation of territory affected by potential radiation contamination. The aim of the project is to efficiently collect data for the planning of subsequent protection measures in the affected agricultural regions (prohibition/regulation, distribution/consumption of raw materials, products, or food of vegetable origin originating in the contaminated territory, including the economic and social impacts); and for the evaluation of the state and development of potentially contaminated soil cover together with the radiation monitoring results that are gained independently (Hůlka et al. 2009 ). Information obtained by land cover classification is used as a basis for decision-making in crisis management in case of radiation contamination. Knowledge of the crop types affects the choice of agricultural mechanization or other process machinery for processing agricultural production, and all the logistics associated with the disposal of contaminated products can be effectively planned.
The aim of the study was to establish the possibility of rapid evaluation of land cover structure and situation using satellite data collected by the Landsat 5 TM satellite using as an example the Temelín NPP emergency zone; to try to evaluate on the basis of satellite data analysis the composition, surface representation and spatial distribution of crop species in the area of interest; and to compare the results of the analysis with other means available to gain land cover data for a model territory.
METHODOLOGY
The territory of interest The evaluation of land cover for the purposes of the project was carried out near the Temelín NPP. The area covered involved a section including the Temelín NPP emergency zone as well as a circle around this zone approximately 25 kilometres in diameter. The whole area of the territory selected is 3,940 km 2 (Fig. 1) . The emergency planning zone area, the so called "Urgent Protection Zone" (UPZ), is defined by a circle 13 km in diameter centred in the first block containment and includes a region of towns and villages situated on the border formed by the circle. The size and extent of the Temelín NPP emergency planning zones were laid down by the State Office for Nuclear Safety of the Czech Republic (SÚJB) in line with the IAEA recommendations included in the "IAEA-TECDOC-953" (1997) document, in accordance with decision no. 311 of 05.08.1997 05.08. (IAEA 1997 .
Land cover classification
In order to obtain a key to classifying the individual crops in the GIS database ("Crop Ground Key") for the year 2009, the larger farms in the territory of interest were approached. The data collected was added to the existing LPIS database (Land Parcel Information System, provided by the Ministry of Agriculture of the Czech Republic), which serves in the GIS as a basic layer of agricultural lands, or more precisely, farming blocks (see www.lpis. cz).
The ground investigation data was processed in the GIS interface and used, in the form of a polygon layer, as source data (training layer) for the satellite data classification itself (Fig. 1) .
Multispectral high spatial resolution data, gained via the Landsat 5 TM (© ESA 2009, distr. Eurimage) satellite on 14.06.2009, 9:38 GMT+1, was selected to classify the land cover situation (notably the distribution of agricultural crops) as a basis for decision making in the event of a radiation accident. The overview of satellite parameters is listed in Table 1 . The scenes were transformed and orthorectified in the S-JTSK coordinate system (EPGS 2065) in order to ensure compatibility with other data entering the land cover evaluation process (LPIS, route network, etc.). The automatic image classification method, or supervised classification, was selected to classify the vegetation cover of the territory of interest (Jensen 2000 , Castillejo-González et al. 2009 ). Table 2 shows the characteristics of individual bands used for classification and their relevance for the identification of individual crops.
During the training phase of the classification, a mask of classification categories was created on the basis of a GIS polygon layer with the farmers' crops. The training surfaces, constituting typical representatives of individual surface classes, were selected manually. Therefore, the accuracy of classification was not reduced by the presence of mixed pixels ("mixels"), emerging at the land border in particular (several surface/crop properties are reflected in the value of one pixel).
The classification itself used all of the spectral bands. The PCI Geomatica 10.00 classifier "Maximum likelihood with NULL class" was used as a decision-making rule involving the average value as well as the value dispersion of the file including data entering the classification. Using the classifier, individual pixels were classified on the basis of the trained layer. Some of the crops and surfaces, with similar spectral behaviour, were combined in one class. The criterion is the so called separability measure taking the value of 2 and below, where 2 represents an ideal situation in which a specific pair of classes is perfectly distinguished; lower values represent the spectral class "overlap". This included spring cereals (oat, spring barley, spring wheat) and their similarity -defined by the separability measure -reached the value of 1.5 or less, which indicates the class similarity and thus the overlapping of the individual classes; in the same way, grasses and grass-clover mixtures grown in arable land were included in one class. Despite the high degree of class similarity of meadows and clover (separability = 1.19), these two categories were separated, because the meadow category includes permanent grass cover or pasture surfaces or smaller forest clearings, i.e. these are not classified in the LPIS as arable land. The accuracy of classification is evaluated with regard to training surfaces on the basis of results generated by the software in the form of tabular outputs. One of them is the so called "confusion matrix", comparing the relation between support data and classification results in all of the categories (Campbell 2002) . The accuracy of classification is expressed in one number by the so called "average accuracy", "overall accuracy" and "kappa coefficient" values.
In order to smooth the data, the classification results were then adjusted by the SIEVE filtration. The classified image filtration used a 4-pixel neighbourhood parameter and a 6-pixel minimum object size criterion for its preservation. Classification errors caused by an overly similar spectral behaviour of otherwise different surfaces were thus removed from the final image.
The result of the classification -a thematic raster map -was automatically vectorised (converted into a polygon form) and compared with the data collected in the field investigation in the area of interest.
RESULTS

Land cover classification
The classification of the Landsat satellite data proved that water bodies can be reliably distinguished from other classes (separability = 2), however problems occur in the case of shallow waters with a large proportion of shore vegetation or shallow river beds. The individual winter cereals had a relatively high degree of separability: the cereals belonging to group 2 (maize) were distinguishable from the other classes (separability>1.84); the class 1 cereals were similar in the group; spring cereals were combined into one class due to their high degree of similarity; winter cereals showed a degree of separability higher than 1.5, and were thus separated into individual classes.
The classification involved an average accuracy of 85%, the overall accuracy reached 92% (κ = 0.91; s.d. = 0.00125).
After automatic vectorisation of the final classification, it is possible to establish the surface distribution of the individual land cover categories (Fig. 2) . The calculation was carried for the emergency planning zone only. The individual classes (crops) and their surface representation are summarised in Table 3 . Table 4 shows the comparison of the method of land cover classification on the basis of satellite data and the ground investigation results based on the LPIS data available and the data provided by farms. Surface representation of the individual categories of land used in 2009 is summarised in Table 3 , showing the comparison of both classification methods applied to the total emergency zone area of 53,817 hectares. 59% of the territory was classified by the remote sensing method as agricultural land totalling 31,592 ha; the remaining 41% (22,225 ha) consists of forest and water surfaces, buildings and unclassified areas.
The comparison of the land cover classification with the ground investigation data
The LPIS database includes agriculture land totalling 27,930 ha, i.e. 51% of the total emergency zone area; the remaining 49% are forests, water bodies, buildings, fallow land and other cultures.
The overall accuracy of field investigation can reach 100%, but it is overwhelmingly dependent on the accuracy of data provided by the farmers themselves. The overall success of the field investigation in the region selected was around 80%. The accuracy of the satellite scene classification (92%) shows the percentage of success of the classification into the individual classes. 
DISCUSSION
An undoubted advantage in the event of a radiation accident lies, in our opinion, in the collection of satellite images without people having to enter the landscape directly. Moreover, distance data provide information on the landscape cover of a large territory instantaneously. Thanks to a large number of systems operating in the optical part of the electromagnetic spectrum and relatively highly developed methods and tools to evaluate vegetation , we can expect the systems to be mutually interchangeable. In theory, it is therefore possible to cover the specific area frequently, which enables us to repeat the monitoring over time. However, for the purposes of the project, this is significant in the test phase of the vegetation cover monitoring only. In the event of an accident, it would be necessary to have the process prepared and standardised. The disadvantage of distance data for the purposes of evaluation of the composition of agricultural crops in the event of an accident, notably of the data collected in the optical part of the electromagnetic spectrum, lies in its dependence on atmospheric conditions during sensing, and the long delay before reaching the user (days to weeks). For the purposes of the project, an alternative to optical data was discussed: the potential use of radar data. So far, this data has proved inefficient and demanding in terms of processing and time as well as in the necessity for specific processing experience.
The method chosen, the supervised classification of the Landsat scene, provides relatively accurate information on the vegetation in the territory concerned, although there are some inaccuracies due in particular to the basis of the method itself. The method belongs to the classification group referred to as the "perpixel" classification (Tatem et al. 2001 , Zhang et al. 2008 , classifying a single pixel only, disregarding the neighbouring pixels. So the neighbouring pixels of the same surface might not automatically be categorised in the same class, as they are classified individually on the basis of their specific spectral characteristics. As a consequence, pixels (or groups of pixels) occur in the images that are classified incorrectly, into classes to which they obviously do not belong, and the image looks fragmented. In some cases, in contrast, information is lost due to the so called "mixels" present in the image, i.e. the pixels containing a mixed spectral information. Zhang et al. (2008) state that the cause of the occurrence of mixels lies in the spatial resolution. Despite the relatively good spatial resolution (30 m), the spatial frequency of the land cover class is higher than the size of pixels and that is how they are categorised incorrectly into the individual classes. However, the data provides information accurate enough to be able to decide on the necessary steps to be followed.
Other inaccuracies appeared in the classification due to the physical and biological characteristics of the vegetation itself and the habitat conditions. The best results in the crop identification are obtained in the full development of vegetation, when plant spectral reflectance is modified to the least extent by soil. Our data was collected at the peak of the vegetation season (mid-June), when plants are approaching their full maturity. However, the individual crops reach their full development at different times and the differences caused by the uneven maturing and growth differences can occur in one field as well as between different areas (due to sowing time). Spectral reflectance is also affected by soil humidity, surface orientation and inclination or altitude (Nellis and Tao 1999) . The sowing method used for individual crops also plays a role, i.e. row width, direction or distance between plants (Nellis and Tao 1999) , and the time of sensing (the part of the day) is important as well.
Crop spectral characteristics also vary during the season due to variable chlorophyll and water content. When using an image from a later date or a drought season, issues can occur in identifying the dry vegetation displayed, as it shows a similar spectral behaviour to soil in the infrared part of the spectrum. (Arsenault and Bonn 2005, Bannari et al. 2006) .
The classification accuracy also depends very much on the accuracy of the classification sources ("training" data -LPIS). Currently there is no central register collecting information on cultivated crops up to the level of individual species. In order to administer and control applications for agricultural subsidies, the Ministry of Agriculture has run a single online Land Parcel Identification System since 2004 (Tobičík and Macek 2005) that is based on user relations: the Ministry of Agriculture of the Czech Republic Database, the Czech LPIS. All agricultural lands are registered in this national land register as farmer blocks, representing a compact area of agricultural land planted with a single culture used by a single farmer. In this case "culture" involves division to arable land, grass cover, orchard, vineyard, hop field or other culture only, and so there is no distinction between individual crops or groups of crops. It is therefore necessary to gain such information on the basis of direct field investigation or the advice or evidence of individual farmers. The reason for a lower accuracy of source data (80%) was in our case the fact that some farmers approached did not provide completely accurate data, and some were not willing to provide any at all. Disputable data were excluded. Therefore it was necessary for us to work with a relatively small crop database, and the above mentioned issues occurred during the satellite scene classification.
The result of the satellite data classification can be partially adjusted by post-classification modifications (Fisette et al. 2006 ). In our case the SIEVE post-classification filtration was used, which enabled us to suppress small surfaces on the image that were incorporated incorrectly due to spectral similarity (e.g. small forest clearings or clearings among buildings with spectral behaviour similar to maize, or forest areas covered with crops, especially wheat) or surfaces that can be considered, due to their small area and scale compared to the real situation in the field, as unimportant or uninterpretable.
The discrepancy between agricultural land areas observed between the two methods is mainly due to the method of satellite data classification itself: the meadow category, for instance, automatically includes surfaces with similar spectral behaviour -forest clearings and openings overgrown with grass, etc. In addition, some agricultural lands are not included in the LPIS database (e.g. extensive grazing grounds). Therefore the total area of agricultural land is larger than the area established on the basis of the LPIS database.
Given its topic, the study implementation included the speed of data collection and processing as one of the most important parameters. The processing duration in the field investigation involves time necessary for the collection of data from farms and its subsequent processing in the form of the LPIS database layer. The time necessary for the data collection and data processing is approximately the same; however it depends on the form in which data on cultivated crops are provided. Input data provided in digital map format accelerate the whole of the subsequent processing.
During the satellite data processing, the total length the process is prolonged significantly due to a long delay between scene capture and delivery; when using the Landsat satellite, the delay is rarely shorter than one month: in the case of a satellite scene from 14 th June 2009, the data was available 44 days after collection. The processing itself can be carried out relatively quickly, in order of days, which would however, still be a long time in the event of an accident.
The cost of data processing can be divided into costs associated with the collection of ground data, amounting to hundreds to thousands of Czech crowns, and the costs associated with satellite data collection and processing, amounting to tens of thousands of Czech crowns. To be more specific, the cost of one full Landsat 5 TM scene is 1,500 EUR, scenes older than 10 years cost 425 EUR each (www.eurimage.com). The evaluation of the Landsat scene for the specific date 14.06.2009 amounted to some 60 thousand CZK. Some satellite data can be downloaded free from the relevant servers (e.g. http://glovis.usgs. gov), however it is not up-to-date and often lacks the parameters required (resolution and preprocessing).
The results of classification under the study as well as other outputs (biomass growth model, expense-to-revenue ratio of measures, route network, LPIS database parcel structure, etc.) serve as a basis for the modelling of potential agricultural production contamination in the ArcGIS® interface. The subsequent model is to help in decision making and the selection of a suitable countermeasure (Kepka et al. 2010 ).
When evaluating the state and amount of vegetation in the event of a radiation contamination, it is above all the speed of land cover classification that is necessary, together with its acceptable reliability. In the Temelín NPP (Temelín nuclear power plant) area of interest, the method of automatic image classification was used to classify experimentally the LANDSAT satellite distance data. The majority of systems providing satellite data with high spatial resolution currently have a lower spectral resolution. However, for the evaluation of homogenous vegetation in larger areas (crops in agricultural land), the Landsat satellite resolution (30 m) is sufficient. In order to make the classification more accurate, information on crops cultivated in agricultural areas provided directly by farms as well as the LPIS database data (Ministry of Agriculture of the Czech Republic), containing the evidence of all agricultural lands and their use, were used as supporting data.
With respect to the collection of data in a relatively small territory, the field investigation proves to be significantly cheaper and faster. The larger the area of the territory concerned, the more important becomes distance data in terms of time, financial and material demands. Moreover, in the event of a larger radiation contamination, we could expect a reduced capacity for the movement of people carrying out field investigations. This is why a combination of all the evaluation methods proves to be ideal: ground investigation, remote sensing (satellite, plane), and database systems (LPIS). Both of these methods (ground, distance) complement each other suitably and provide the information required on current land cover situation with relatively high speed and accuracy. The database and a potential model then serve as a basis, including information on territory, for a synthesis of data collected and a potential prediction (modelling) of land cover situation and structure during the growing season. In order to use the crop database efficiently (for decision making, subsidy policy, crisis management, statistical data, etc.) in the whole of the Czech Republic, some positive efforts to motivate farmers would be necessary to induce them to provide such information readily, perhaps in the framework of the existing Czech LPIS database of the Czech Ministry of Agriculture. The information required would, of course, be available to responding farms only and organisations responsible for the allocation of subsidies during crises, etc.
